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© Recombinant immunogenic actinomycetaie. 

© A mycobacteria transformed with an antigen- 
encoding gene, such as net, under the control of a 
Streptomyces stress-responsive promoter, such as 
the S. albus groES/groEU promoter, and preferably 
associated with a synthetic ribosome binding site. 
The recombinant mycobacteria can be used as a 
vaccine against, for example, a pathogen which car- 
ries the antigen. 



Rank Xerox (UK) Business Services 



1 



EP 0 521 220 A1 



2 



This invention relates to a strain of a species of 
Actinomycetale (the "Actinomycetale strain"), par- 
ticularly a strain of mycobacteria, which: a) has 
been transformed with at least one gene or a DNA 
fragment thereof (an "antigen-encoding gene") that 
codes for all or at least part of an antigen, particu- 
larly at least one epitope thereof (a "desired anti- 
gen", preferably a "immunizing antigen"); and b) 
can be used to inoculate mammals, particularly 
humans, to immunize them, preferably protect 
them (e.g.. from a pathogen carrying all or part of 
the desired antigen). In this regard, the term 
"desired antigen" comprises any molecule which is 
capable of inducing an immune response, including 
a protein, glycoprotein, glycolipoprotein, pep- 
tidoglycolipid, etc., or an immunogenic fragment 
thereof, and which can, for example, come from, or 
be derived from, a pathogen against which the 
transformed Actinomycetale strain is to provide an 
immunity, preferably a protection. 

Background of the Invention 

Various types of vaccines have been devel- 
oped against pathogens. When a humoral immune 
response is able to confer protection, subunit or 
killed vaccines are efficient. However, in the case 
of tuberculosis and certain other infectious dis- 
eases, killed pathogens are not protective. 

The vaccine currently used to protect against 
tuberculosis, Mycobacterium bovis BCG (Bacille 
Calmette-Guerin) or "BCG", is the unique live bac- 
terial vaccine in use. M. bovis BCG and all other 
mycobacteria survive Tn macrophages which are 
antigen-presenting cells and initiate the humoral 
and T-cell mediated immune response (EDWARDS 
and KIRKPATRICK, 1986). This might explain the 
stimulant activities of this vaccine. M. bovis BCG 
offers many advantages for development of a re- 
combinant polyvalent vaccine vector expressing 
antigens from a wide variety of pathogens, particu- 
larly those in which cell-mediated immunity is im- 
portant for protection (BLOOM, 1986; JACOBS et 
al, 1988). It is an attenuated M. bovis strain which 
has been used without major "side effects to vacci- 
nate more than two billion people, it is produced at 
low cost, and it can be given at birth as a single 
dose and is then able to confer long term immu- 
nity. It also has stimulant activities and has been 
used as an adjuvant in various protocols of im- 
munization. 

The recent development of genetic tools for 
transforming mycobacteria has enabled the cloning 
of foreign genes in both fast-growing (M. smeg- 
matis) and slow-growing (M. bovis BCG) strains. 
Several phasmid- and plasmid-based vectors have 
been reported, for example in PCT publication 
W088/06626. Starting from pALSOOO, a plasmid 



from M. fortuitum whose entire nucleotide se- 
quence" has been determined (RAUZIER et al, 
1988), various E. coli-mycobacteria shuttle plas- 
mids have been~~constructed which stably replicate 

5 in mycobacteria, including a "mini" mycobacterial 
replicon, pRR3 (RANES et al, 1990). Foreign genes 
have been cloned on these vectors and on other 
integrative vectors described in STOVER et al 
(1991) and shown to be expressed in mycobacteria 

70 using their own control elements or as fused genes 
(MATSUO et al, 1990). 

Summary of the Invention 

75 This invention provides an immunogenic Ac- 
tinomycetale strain, particularly a strain of 
mycobacteria, transformed with the following, op- 
erabiy linked, chimaeric DNA sequence, compris- 
ing an antigen-encoding gene that: a) is foreign to 

20 the Actinomycetale strain; b) encodes a desired 
antigen, preferably an immunizing antigen; c) is 
under the control of a promoter foreign to the 
Actinomycetale strain, preferably a promoter from 
another strain of Actinomycetale, especially a pro- 

25 moter from another species of Actinomycetale, par- 
ticularly a Streptomyces promoter, quite particu- 
larly a stress-responsive (e.g., heat-shock) promot- 
er; and d) is preferably associated with a ribosome 
binding site ("RBS") foreign to the Actinomycetale 

30 strain, particularly foreign to Actinomycetale and/or 
synthetic. 

This invention also provides the aforemen- 
tioned chimaeric DNA sequence, especially 
wherein the antigen-encoding gene codes for an 

35 HIV-1 protein, particularly the Nef protein, or an 
antigenic fragment or an epitope thereof which can 
induce an immune response in a mammal, particu- 
larly a T or B response, quite particularly wherein 
the antigen-encoding gene is under the control of 

40 the S. albus groES/groEL1 promoter. 

This invention further provides a system, such 
as a plasmid, capable of transforming a Ac- 
tinomycetale strain. This system comprises a for- 
eign promoter, a foreign ribosome binding site and 

45 a DNA fragment coding for an antigen foreign to 
the Actinomycetale strain, particularly the afore- 
mentioned chimaeric DNA sequence, quite particu- 
larly pWRIP17. 

This invention yet further provides: a) an im- 

50 munogenic composition, particularly a vaccine, 
comprising the aforementioned transformed Ac- 
tinomycetale strain, particularly a strain of 
mycobacteria, quite particularly BCG, and if neces- 
sary, a suitable carrier, as well as, for example, an 

55 adjuvant for human use; and b) a method of im- 
munizing a mammalian host, particularly a human, 
against, for example, a pathogen, comprising the 
step of administering to the host the aforemen- 



2 



3 



EP 0 521 220 A1 



4 



tioned composition. 

This invention also provides: a) a process to 
produce the desired antigen by culturing the trans- 
formed Actinomycetale strain; and b) a process for 
using the desired antigen or the transformed Ac- 
tinomycetale strain, for example, as a diagnostic 
agent and/or an immunogenic agent. An antigenic 
preparation containing the desired antigen or the 
transformed Actinomycetale strain can induce the 
synthesis of specific antibodies or cellular reactions 
in in vitro and in vivo diagnostic tests and im- 
munogenic treatment! - 

Detailed Description of the Invention 

In accordance with this invention, a recom- 
binant immunogenic strain of a species of Ac- 
tinomycetale, such as Actinomycetaceae and 
Mycobacteriacae, especially Corynebacteria, Strep- 
tomyces and Mycobacteria, particularly Mycobac- 
teria, can be obtained by transforming the Ac- 
tinomycetale strain with the operably linked 
chimaeric DNA sequence of this invention. 

The antigen-encoding gene of the chimaeric 
DNA sequence or expression cassette, used to 
transform the Actinomycetale strain in accordance 
with this invention, can be any gene or DNA frag- 
ment thereof which encodes a desired antigen as 
hereinbefore defined, whose expression products 
can be used, for example, to induce an immune 
response, preferably in a vaccine administered to a 
mammalian host, preferably a human, to immunize 
and preferably protect the host, for example, 
against a pathogen. Pathogens, whose immunizing 
antigens can be encoded by the antigen-encoding 
gene, include, for example, viral, parasitic and bac- 
terial, particularly viral, pathogens such as M. 
leprae, M. tuberculosis , M. intracellular , M. If- 
ricanumr~M. avium, Plasmodium sporozoiteT and 
merozoitesT diphtheria toxoid, tetanus toxoids, 
Leishmania, Salmonella, some Treponema, pertus- 
sis toxin and other antigenic determinants and 
viruses, including measles, mumps, herpes, influ- 
enza, Schistosoma, Shigella, Neisseria, Borrelia, ra- 
bies, polio virus, hepatitis virus, human im- 
munodeficiency virus (HIV), HTLV-I, HTLV-II, and 
Simian immunodeficiency virus (SIV), as well as 
oncogenic viruses. Alternatively, the antigen-encod- 
ing gene can encode an. immunizing antigen from 
other than a pathogen, such as a snake or insect 
venom. In this regard, this invention is not limited 
to the expression of desired antigens for immuniz- 
ing a mammal against a pathogen but also includes 
the use of the transformed Actinomycetale strain of 
this invention for the development of other kinds of 
immunotherapy treatments, as well as for the pro- 
duction of molecules of interest. For example, the 
transformed Actinomycetale strain, cloned with a 



gene coding for the synthesis of a hormone, could 
be used in an anti-fertility vaccine, or the trans- 
formed Actinomycetale strain, cloned with a tumor- 
associated gene such as an oncogene, could be 

5 used in an anti-cancer vaccine. 

The promoter, which is upstream (i.e., 5') of, 
and used to control, the antigen-encoding gene in 
the chimaeric DNA sequence of this invention is 
critical to this invention in providing high levels of 

10 expression of the gene in Actinomycetale, particu- 
larly mycobacteria. The promoter can be any pro- 
moter from a strain different from that of the Ac- 
tinomycetale strain being transformed but is prefer- 
ably from a different strain of Actinomycetale, par- 

75 ticularly from a different species of Actinomycetale. 
Preferably for the transformation of mycobacteria, 
the promoter is a Streptomyces promoter. The 
promoter is also preferably a stress-responsive 
promoter, especially a heat-shock promoter, par- 

20 ticularly an Actinomycetale promoter, quite particu- 
larly a groEL promoter or a groEL-like promoter of 
French patent application 9011186, filed Septem- 
ber 10, 1990 (which is incorporated herein by refer- 
ence). A copy of the Disclosure and Figures of 

25 French application 9011186 is appended hereto as 
"Appendix A", following the list of references. 

However, other promoters, not from Ac- 
tinomycetale, can also be used in the chimaeric 
DNA sequence of this invention. For example, a 

30 phage lambda (pL) promoter (GUY et al, 1987) or a 
promoter of an antibiotic resistance gene, such as 
the bacterial promoter of the kanamycin resistance 
gene (OKA et al, 1981), the bacterial promoter of 
the sulfonamide gene (MARTIN et al, 1990) or the 

35 bacterial TAC promoter (AM RAN N et al, 1983), as 
well as the promoters of other bacterial genes, can 
be used. 

The chimaeric DNA sequence of this invention 
optionally includes, downstream (i.e., 3') of the 

40 promoter and upstream of the antigen-encoding 
gene, a ribosome binding site (RBS) which is pref- 
erably synthetic or foreign to the Actinomycetale 
strain, particularly the Actinomycetale species, be- 
ing transformed. It is particularly preferred that the 

45 ribosome binding site be foreign to Actinomycetale, 
generally, and quite particularly preferred that the 
ribosome binding site for transforming mycobac- 
teria be the synthetic ribosome binding site of the 
E. coli plasmid pTG1166 (GUY et al, 1987). This 

so particularly preferred RBS has the following se- 
quence: 

5'ATCGATAACAGAGGAACAGATCT3\ 

Preferably associated with the chimaeric DNA 
sequence of this invention in the recombinant Ac- 
55 tinomycetale strain is a selectable marker gene, 
such as an antibiotic resistance-encoding gene, for 
example a gene encoding kanamycin resistance, 
viomycin resistance, thiostrepton resistance, hyg- 
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romycin resistance or bleomycin resistance, in or- 
der to make it possible to identify and isolate 
recombinant Actinomycetale strains of this inven- 
tion. A conventional selectable marker can be used 
such as Is described in PCT publication WO 
88/06626 and in European patent publication 
("EP") 400,973. The selectable marker gene is 
preferably in the same genetic locus as the 
chimaeric DNA sequence of this invention in any 
plasmid, phasmid or shuttle vector used to trans- 
form the Actinomycetale strain. For good expres- 
sion of the selectable marker gene, it can be driven 
by the same types of promoter and/or ribosome 
binding site used in the chimaeric DNA sequence 
of this invention to obtain good expression of the 
antigen-encoding gene. However, this is not be- 
lieved necessary, and the endogenous promoter 
and RBS of the marker gene or of other promoters, 
conventionally used with the marker gene, can gen- 
erally be suitably utilized. 

An Actinomycetale strain, particularly a strain 
of mycobacteria, can be transformed with the 
chimaeric DNA sequence of this invention, as well 
as a marker gene, in a conventional manner. In this 
regard, the strain of Actinomycetale can be trans- 
formed by incorporating the chimaeric DNA se- 
quence of this invention into a suitable E, 
coli/Actinomycetale shuttle vector and then subject- 
ing" the vector and the Actinomycetale strain to 
electroporation. For example, the electroporation 
procedures of GICQUEL-SANZEY et al (1989) and 
RANES et al (1990) can be suitably used, as well 
as the procedures generally described in EP 
400,973. Alternatively, the chimaeric DNA se- 
quence of this invention can be incorporated: into a 
shuttle phasmid and used to transform an Ac- 
tinomycetale, particularly a mycobacteria, strain in 
accordance with PCT publication WO 88/06626; 
into a secretory expression vector and used to 
transform an Actinomycetale strain in accordance 
with EP 400,973; into a conjugative plasmid used 
to transform the Actinomycetale strain in accor- 
dance with LAZRAQ et al (1990); or by transposi- 
tion using a vector for transposon delivery (i.e., with 
an integrative plasmid, replicative plasmid or 
phage). 

The recombinant immunogenic Actinomycetale 
strain of this invention can be used in an im- 
munogenic composition, preferably a vaccine, for 
example, to render a mammal, particularly a hu- 
man, resistant to a pathogen of the immunizing 
antigen encoded by the antigen-encoding gene of 
the chimaeric DNA sequence of this invention. 
Preferably, the recombinant Actinomycetale strain 
is a live non-pathogenic strain such as M. bovis 
BCG or is a strain which has been inactivated, for 
example by heating it or by treating it with formalin, 
if necessary. The recombinant Actinomycetale 



strain can then be mixed with a conventional phar- 
maceutical^ acceptable vehicle, such as a phys- 
iological saline solution, together with conventional 
excipients, such as sodium glutamate, carbohy- 

5 drates, glycerol, amino acids, detergents etc., to 
form a vaccine. The vaccine can be formulated to 
contain a final concentration of cell material in a 
range of 0.2 to 5 mg/ml, preferably 0.5 to 2 mg/ml. 
After formulation, the vaccine can be placed in a 

70 sterile container, which is then sealed and stored at 
a low temperature (e.g., 4*C), or it can be freeze- 
dried or fresh frozen. 

In order to induce immunity in a human host, 
one or more doses of the vaccine, preferably just 

75 one suitably formulated dose, can be administered 
in doses each containing about 10 s -10 7 , preferably 
about 10 e , cells. The vaccine can be administered 
by different routes, for example by intradermal (ID), 
subcutaneous (SC), percutaneus, oral, spray or 

20 aerosol routes. 

The Examples, which follow, involve the con- 
struction of vectors providing an efficient expres- 
sion in M. bovis BCG of the HIV-1 gene encoding 
the NeF~ protein ("Net") as an example of an 

25 eucaryotic viral gene. The HIV-1 Nef-encoding 
gene ("net") is used as a model to study gene 
expression^ and induction of a cellular immune re- 
sponse by a recombinant M. bovis BCG vaccine of 
this invention. Nef is a 27 kD regulatory protein 

30 encoded by a single open reading frame which 
overlaps the 3' long terminal repeat (LTR). Nef is 
myristilated and localized in the cytoplasm asso- 
ciated with the inner face of the HIV-1 cellular 
membrane (GUY et al, 1987). Nef is expressed at 

35 an early stage of the HIV infection and is involved 
in the down-regulation of CD4 cell-surface recep- 
tors of permissive T4 lymphocytes (GUY et al, 
1987; GARCIA and MILLER, 1991). CTL (RIVIERE 
et al, 1989; CULMANN et al. 1989) has been de- 

40 tected in HIV seropositive donors. It is believed that 
the recombinant M. bovis BCG vaccine of the Ex- 
amples, expressing Nef, could induce the destruc- 
tion of infected cells which express Nef at an early 
stage of HIV infection, before HIV can release 

45 newly synthesized viral particles. This would be a 
desirable result from a vaccine. 

The results of the Examples show that the 
promoter of the groES/groEL1 operon from S. al- 
bus can be used to express the HIV-1 Nef protein 

so IrTrecombinant nef-BCG. The HIV-1 nef gene was 
cloned on a repficative plasmid derivecTfrom pRR3 
(Fig. 1) and expressed under the control of the pL 
promoter of phage lambda and the promoter of the 
groES/groEL1 operon of Streptomyces albus to ac- 

55 cumulate the Nef protein in the BCG cell. The 
groEs/groELI promoter provided a high level of Nef 
expression in M. bovis BCG. As a result, a high 
and specific proliferative response of lymph node 
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cells was induced in mice inoculated with the im- 
munogenic recombinant mycobacteria in which the 
promoter of the chimaeric DNA sequence of this 
invention was the groEs/groEL1 promoter. In this 
regard, the total amount of Nef protein was es- 5 
timated to be 1% of the total cellular protein, but 
no degradation of Nef was observed, and lymph 
node cells from mice immunized with nef-BCG 
strongly proliferated in response to purified Nef 
protein. 10 

The Figures referred to in the Examples are as 
follows: 

Fig. 1. Schematic structure of the "mini" E. coli- 
mycobacteria shuttle cloning vector pRR3 of Ex- 
ample 1 . A thin line shows the 2.58 kb fragment 75 
from pALSOOO (RANES et al, 1990). Sequences 
from pUC19 are shown as a thick line. Origins of 
replication for E. coli and mycobacteria are 
shown. This pfasrnkT contains the ApH (3') 
phosphotransferase-encoding gene from Tn903, 20 
conferring resistance to kanamycin ("Kan r ), and 
the ampicillin resistance ("Amp'") gene from 
pBR322. 

Fig. 2. Construction of pWRIPI and pWRIP2 of 
Example 1. pTG1166 (GUY et al, 1987) was 25 
totally digested with Hindlll and partially cut with 
Xhol. The 1.2 kb Xhol-Hindlll fragment, contain- 
ing the pL promoter from phage Lambda and 
the complete Nef protein-encoding sequence 
(nef), was purified from agarose gel. Ends were 30 
fiiled in with Klenow polymerase. The fragment 
was then inserted in the Seal site of pRR3 in 
both orientations to give rise to pWRIPI and 
pWRIP2. 

Fig. 3. Western blot analyses of recombinant M. 35 
smegmatis and M. bovis BCG clones of Exam- 
ple!: 

Fig. 3A: Proteins from M. smegmatis recom- 
binant clones carrying pWRIPI (lanes 4 and 
5) and pWRIP2 (lanes 6 and 7) were ex- aq 
tracted and separated in a 10% SDS- 
polyacrylamide gel. After electroblotting, 
membranes were reacted with a monoclonal 
antibody directed to HIV-1 Nef protein. Mo- 
lecular weight marker appears on lane 1 , and 45 
positive control containing purified Nef pro- 
tein (27 kD) is shown on lane 2. Lane 3 
contains an extract from non-recombinant M. 
smegmatis as a negative control. The lower 
amount of Nef protein observed in lane 6 was so 
attributed to a lower amount of total proteins 
in this extract. 

Fig. 3B: Proteins were extracted from M. 
bovis BCG recombinant clones carrying 
pWRIPI (lanes 3 and 4) and pWRIP2 (lanes 55 
5 and 6). Western blot analysis was per- 
formed as described for Fig. 3A. Molecular 
weight marker and positive control appear on 



lanes 1 and 2, respectively. Extract of non- 
recombinant BCG as negative control is 
shown on lane 7. 
Fig. 4. A schematic representation of PCR am- 
plification of Example 2. The groES/groEL1 re- 
gion with its unique restriction sites is repre- 
sented as a white box. The primers L1 
(5'CCCAGTACTCTAGACCGGCCGGGCTGAGG- 
TTGGCTGGCT3') and L2 

(5'CCCCATATGGATCCCTCCCCCTTCGGAGA- 
TCACGGGGTTA3'), used for amplification of the 
promoter region, are represented by arrows, and 
the amplification product is represented by a 
black box. The positions of the initiation of tran- 
scription and translation are shown. Xbal and 
BamHI unique sites, introduced with L1 and L2, 
allowed the cloning of the PCR product into a 
Blue Script vector to give pWRIPS. 
Fig. 5. Construction of pWRIPI 7 and pWRlP19 
of Example 2. pWRIPI 5, which contains the 
groES/groEL1 PCR amplified promoter (French 
application 9011186) and nef gene with the syn- 
thetic ribosome binding site from pTGl166, was 
cut with Xbal and Xhol. The 1.1 kb fragment 
containing the groES/groEL1 promoter and nef 
expression cassette was purified from agarose. 
Ends were filled in with Klenow polymerase and 
ligated to pRR3 cut with Seal. Recombinant 
plasmids, pWRIPI 7 and pWRIPI 9. carrying the 
cassette inserted in both orientations, were iso- 
lated from kan r E. coli cells. 
Fig. 6. Western~bioT"analyses of E. coli and M. 
bovis BCG recombinant clones" carrying 
pWRIPI 7 and pWRIPI 9 of Example 2: 

Fig. 6A: 10 ug of total proteins from non- 
recombinant E. coli cells (lane 3) and E. coli 
transformed witrTplasmids pWRIPI 7 (lane~4) 
and pWRIPI 9 (lane 5) were extracted and 
separated with a 10% SDS-polyacrylamide 
gel. Western blot analysis was performed us- 
ing a monoclonal anti-Nef antibody. Molecular 
weight marker and purified Nef protein (0.5 
ug) appear on lanes 1 and 2, respectively. 
Fig. 6B: 100 ug of total proteins extracted 
from recombinant M. bovis BCG clones car- 
rying pWRIPI 7 (lanes 4 and 5) and pWRIPI 9 
(lanes 6 and 7) were analyzed as described 
for Fig. 6A. Negative control containing pro- 
teins from non-recombinant BCG appear on 
lane 3. Molecular weight marker and purified 
Nef protein are shown on lanes 1 and 2, 
respectively. 
Fig. 7. Lymph node ("LN") proliferative re- 
sponse of Balb/c immunized mice in Example 3. 
Balb/c mice were injected s.c. with 10 7 CFU of 
standard 1173P2 BCG (GHEORGHIU et al, 
1983) or recombinant BCG carrying either 
pWRIPI 7 or pWRIPI 9 of Example 2. LN cells 
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were stimulated with antigens before incorpora- 
tion of tritiated methyl thymidine (pHJdThd). The 
responses depicted are the geometrical means 
of results from three individuals for each animal 
group. The LN cells from non-immunized mice 
only responded to concanavaline A; 

Materials and Methods 

1 . Construction of Plasmids 

DNA fragments were extracted from agarose 
gels by using the Gene Clean II kit (Bio 101 Inc., 
USA) or the Mermaid kit (Bio 101) depending on 
the length of the fragment to be purified. 

Standard procedures were used for DNA liga- 
tion, restriction enzyme digestion and transforma- 
tion in E. coli strains (SAMBROOK et al, 1989). 

2. Bacterial Strains and Cultures 

E. coli XL1 Blue strain (BULLOCK et al, 1987) 
was"grown at 37* C in L broth medium (MILLER et 
al, 1972). E. coli TGE901 (Transgene of Stras- 
bourg, Frarice)7~cbntaining the thermosensitive re- 
pressor C1857 of phage lambda, was described by 
GUY et al, 1987. The transformed E. coli ceils were 
grown at 30* C in L broth, and alwb^hbur shift at 
42 *C was performed to induce expression of Nef 
protein under control of the phage lambda pro- 
moter. 

M. bovis BCG (Institut Pasteur, Paris, France; 
GHEORGHIU et al, 1983 and M. smegmatis mc 2 
155 (SNAPPER et al, 1990) were transformed with 
the various recombinant plasmids by electropora- 
tion as described by RANES et al (1990). 

Two methods of culture were used for BCG 
recombinant cell preparations. Firstly, the BCG re- 
combinant, as well as a reference BCG strain, were 
grown in dispersed cultures (GHEORGHIU et al, 
1988). BCG clones transformed with the various 
recombinant plasmids were grown on Lowenstein- 
Jensen medium containing 10 ug of kanamycin per 
ml. The kanamycin resistance gene from Tn903 
(OKA et al, 1981) was used as a selective marker; 
it encodes an APH(3') phosphotransferase which is 
able to phosphorylate kanamycin but has no effect 
on tobramycin. Therefore, transformant clones were 
identified by their resistance to kanamycin and 
sensitivity to tobramycin. Two clones of each re- 
combinant BCG strain were grown in modified 
Beck-Proskauer medium (GHEORGHIU et al, 
1988) complemented with 10 ug of kanamycin per 
ml. The bacterial content of 10 days old cultures 
was 10 9 colony forming units (CFU) per ml. Strains 
expressing the cloned chimaeric DNA sequence of 
this invention were inoculated into mice. 



3. Preparation of Total Cellular Extracts 

E. coli strains extracts were prepared from 5 ml 
cultu7es~grown overnight in L broth. M. smegmatis 

5 mc 2 155 strains were grown in Beck-Proskauer 
medium supplemented with Tween 80 (0.005%) 
and OADC (Difco), using the same culture con- 
ditions as previously described for M. bovis BCG 
strain. For recombinant cultures containing plas- 

10 mids derived from pRR3, 25 ug of kanamycin per 
ml were added. 

Cells were centrifuged at 3000 rpm for 10 min. 
at 4°C, and pellets were washed in TE buffer 
(10mM Tris, pH 8; 1mM EDTA). Pellets were then 

75 resuspended in 0.3 ml of TE buffer and frozen at 
-20 'C for 10 min. Cells were sonicated for 15 sec. 
periods during 1 min. 1% SDS was then added, 
and the extract was boiled 3 min. Cell extracts 
were centrifugated at 11000 rpm for 10 min. at 

20 4*C, and supernatants were collected. When nec- 
essary, proteins were concentrated with acetone on 
ice for 30 min. and resuspended in a small volume 
of TE buffer. Amounts of proteins contained in the 
extracts were measured using the BIORAD micro- 

25 procedure standard assay. 

4. Electroporation of Mycobacteria 

Exponential cultures of mycobacteria were 
30 washed, resuspended (10 8 to 10 9 bacteria/ml) in 
10% sucrose, 8mM HEPES, pH 7.4, and 1mM 
MgCb, chilled on ice for 30 min. and electroporat- 
ed at 6.25 Kv/cm, 25uF using the BIORAD Gene 
Pulser. Cultures were then diluted 10 times in 
35 Middlebrook 7H9 (Difco), incubated for about 12 
hours at 37* C and plated on Middlebrook 7H10 
(Difco) containing 10 to 40 ug/ml kanamycin. M. 
smegmatis transformants appeared after 5 days, 
arid BCG transformants appeared after three 
40 weeks. 

5. Western Blot Analysis 

10 ug E. coli extracts or 100 ug mycobacterial 
45 extracts oFsoluble proteins were separated with 
SDS-polyacrylamide 10% gels (LAEMMLI, 1970). 
10 ug of molecular weight marker proteins 
(Bethesda Research Laboratories) and 1 ug of puri- 
fied recombinant E. coli Nef protein (Transgene), 
so as positive control, "we're" loaded on the gels. 

After separation, polyacrylamide gels were 
electroblotted onto Immobilon membranes 
(Millipore, Corp.) using a Semiphor TE70 apparatus 
(Hoeffer Scientific Instruments). Non-specific bind- 
55 ing was blocked by incubating the membranes in 
PBS (10 mM sodium phosphate; 150mM NaCI, pH 
7) at room temperature (25 *C) with 3% non-fat 
milk powder and 0.1% Tween 20, for 15 min. at 
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room temperature. The proteins were then reacted 
over night with a 1:1000 diluted monoclonal anti- 
body directed to Net protein (NEN from Dupont). 
The membranes were washed three times for 10 
min. each time with PBS and 0.1% Tween 20 and 
reacted with phosphatase alkaline-conjugated goat 
anti-mouse IgG (BIOSYS) at a 1:1000 dilution for 1 
h at room temperature. After three times washing 
for 10 min each time with PBS and 0.1% Tween 
20, the blots were reacted as described in Proto- 
blot procedure (Promega). 

6. Immunization of Mice 

Female Balb/c mice (8 weeks) were immunized 
subcutanously (sc) at the base of the tail with 
incomplete Freund adjuvant (IFA from DIFCO) con- 
taining 10 7 colony forming units (CFU) of recom- 
binant BCG strains or standard M. bovis BCG 1173 
P2. After 14 days, draining inguinal lymph nodes 
were removed, and cell suspensions, pooled from 
three mice, were prepared (ANDERSEN et al, 
1991). A single cell suspension of LN was prepared 
in RPMI 1640 (GIBCO) containing 2mM L- 
glutamine, 50ug/ml gentamycin, 5X10~ 5 M 2-mer- 
captoethanol, and 10% fetal calf serum (FCS). T- 
cells were cultivated at a concentration of 4x10 s 
cells/well in 96-well flat bottom culture plates in the 
presence of the appropriate antigen. Concentration 
of the antigens added in cell cultures was on the 
basis of dose stimulation response as follows: Nef, 
1 and 10 ug/ml; APH(3 f ) 0.1 and 1 ug/ml; Protein 
Purified Derivative (PPD), 10ug/ml; and Con- 
canavalin A (ConA from Sigma), 2.5ug/ml. Some 
cells were left unstimulated. Each test was per- 
formed in triplicate. Cultures were incubated for 5 
days at 37 'C in humidified air with 7% CO2, the 
last 22 h in the presence of tritiated methyl 
thymidine ^HJdThd (1mCi/ml). The cells were har- 
vested on glass fiber filters with Automash 2000 
Dynatech (Bioblock, France), and the incorporated 
radioactivity was measured in liquid scintillation 
counter (Beckman). The results are expressed as 
mean counts per minute (cpm) minus background. 

Example 1. Expression of HIV-1 Nef-encoding 
gene Under the Control of the lambda Phage 
pL Promoter 

pRR3 (RANES et al, 1990) was chosen as a 
vector for the cloning of the nef gene in M. bovis 
BCG. Its structure is shown irTTig. 1. It contains a 
pAL5000 2.58 kb fragment essential for replication 
and maintenance in mycobacteria, the Kan r gene 
from Tn903, and a pUCl9 fragment harbouring an 
E. coli origin of replication. This plasmid was 
shown" to be stable in M. bovis BCG when the 
bacteria are grown in in vitro laxenic cultures or in 



mice. 

The Nef-encoding gene was previously cloned 
on the pTGl166 plasmid and expressed in E. coli 
under the control of the pL promoter of phage 

5 lambda (GUY et al, 1987). Since several gram- 
negative bacterial genes, such as antibiotic resis- 
tances, are expressed in mycobacteria under con- 
trol of their own regulation signals, nef expression 
has also been examined in M. smegmatis and M. 

10 bovis BCG under pL controFThe nef gene, con- 
taining a Xhol-Hindlll fragment of pTG1166, was 
inserted into pRR3 at the Seal site giving rise to 
pWRIP! and pWRIP2, according to the orientation 
of the fragment (Fig. 2). These plasmids were 

75 transferred into M. smegmatis mcMSS strains by 
electroporation. M. Smegmatis kanamycin resistant 
(Kan r ) transformant clones were examined for nef 
expression by western blot analyses. As shownln 
Fig. 3A, with both orientations of the nef containing 

20 fragment in pRR3, expression of nef was observed, 
suggesting that the pL promoter is active in 
mycobacteria. 

When pWRIPI and pWRIP2 were transferred 
into M. bovis BCG by electroporation, expression 

25 of nef was also detected, albeit to a lesser extent 
(Fig.3B). 

Example 2. Expression of HIV-1 Nef-encoding 
gene under the control of s. albus 
30 groES/groEL1 promoter 

In order to obtain a higher expression of nef in 
mycobacteria, this gene was cloned under thecbn- 
trol of a stress-responsive promoter from Strep- 

35 tomyces (S. albus), a genus closely related to 
Mycobacteria. The aim was to induce an immune 
response to the Nef protein after inoculation of 
mice with M. bovis BCG recombinants harboring 
the nef gene. It was considered essential to clone 

40 nef under the control of a promoter which would be 
active when M. bovis replicates within macro- 
phages so thai the Nef antigen(s) would be ex- 
pressed in the macrophages. The nef gene was 
therefore cloned under the controFof a Strep- 

45 tomyces heat-shock promoter. 

In order to examine the transcription of the S. 
albus groEL2 and groES/groEL1 promoters (French 
application 9011186; Appendix A) in mycobacteria, 
they were first fused to the kanamycin resistance 

so gene from Tn5 encoding APH(3') phosphotrans- 
ferase. High levels of kanamycin resistance (up to 
5 mg/ml) were obtained in both M. smegmatis and 
M. bovis after electroporation with the recombinant 
plasmid constructions. However, Western blot ana- 

55 lysis revealed that the groES/groEU promoter was 
more efficient. 

A DNA fragment containing the promoter and 
the translation initiation control region of the 
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groES/groEL1 region was synthesized by PCR us- 
ing primers L1 and L2 containing respectively sin- 
gle Xbal and BamHI restriction sites. The fragment 
was then inserted into a Blue Script vector 
(Pharmacia, Sweden) to give pWRIPS (Fig. 4). The 
HIV-1 BamHi-Hindlll nef-containing fragment was 
then subcioned into p~WRIP5 between BamHI and 
Hindlll sites. The resulting plasmid pWRIP5F con- 
tained the entire nef coding sequence following the 
ATG start codon~of the groEs gene. The groES 
promoter and nef coding sequence Xbal-Hindlll 
fragment from p~WRIP5F was inserted into the Seal 
site of pRR3 in both orientations. The resulting 
plasmids pWRIP7 and pWRIP9 were electroporat- 
ed into M. smegmatis and M. bovis BCG. Neither 
M. smegmatis nor M. bovli BCG transformants 
expressed Nef. This~result could be attributed to 
the 8-base pair changes introduced inside the 
groES/groEL1 translation controlling region during 
the cloning. 

Since the nef gene was expressed in mycobac- 
teria under theTcontrol of pL promoter associated 
with a synthetic ribosome binding site, the Clal- 
Hindlll fragment of pTG1166 containing this ele- 
ment was inserted into pWRIP5 (Fig. 5). This re- 
sulted in plasmid pWRIP15. The Xbal-Xhol frag- 
ment from pWRIP15 was then subcioned into the 
Seal site of pRR3 in both orientations to give 
pWRIP17 and pWRIP19. On these two plasmids, 
the nef gene is under the control of the S. albus 
groES/groEL1 promoter and a synthetic ribosome 
binding site. pWRIP17 in E. coli was deposited at 
the Collection Nationale de Cultures de Microor- 
ganismes (CNCM) of Institut Pasteur under acces- 
sion no. 1-1109 on June 6, 1991. 

A high level of Nef synthesis was observed in 
E. coli cells transformed with pWRIP17. However, 
no expression of nef gene was detected in E. coli 
cells transformed~with pWRIP19 (Fig. 6A)7 This 
result could be due to the ampicillin resistance 
(Amp r ) gene, the promoter of which was cloned in 
an opposite direction to nef and which might down- 
regulate its expression. Ahigh level of Nef synthe- 
sis was observed in M. smegmatis and in M. bovis 
BCG bacteria transformed with pWRIP17 and 
pWRIP19 (Figs. 6A and 6B). The Nef protein was 
estimated to be about 1% of the total cellular 
protein. Nef was shown to be expressed in M. 
bovis BCG cultured in various growth conditionsfin 
dispersed grown cultures and in Sauton cultures. In 
addition, expression of the APH(3') phosphotrans- 
ferase was also detected by Western blot analysis 
in the different M. bovis BCG culture preparations. 

Example 3. Determining proliferative re- 
sponses to Nef and to APH3' antigens in mice 
immunized with recombinant M. bovis BCG ~ 



Balb/c mice were immunized by subcutaneous 
inoculation with recombinant M. bovis BCG harbor- 
ing plasmids pWRIP17 and pWRIP19 from Exam- 
ple 2. Cellular responses were investigated by ex- 

5 amining the proliferative response of cells isolated 
from lymph nodes (LN). These cells were cultured 
in vitro and stimulated with purified Nef or APH(3'). 
As shown in Fig. 7, LN cells isolated from mice 
immunized with Nef- and APH(3')-recombinant M. 

to bovis BCG strongly proliferated to purified Nef "or 
APH(3'). This proliferation was highly specific since 
mice immunized with non-recombinant BCG or with 
incomplete Freund adjuvant alone did not respond 
to these heterologous proteins. 

75 In contrast, the proliferation to PPD was com- 

parable in all mice inoculated with non-transformed 
M. bovis BCG and recombinant strains (Fig. 7). No 
ifgnificant proliferation was observed in LN cells 
isolated from non-immunized mice. The non-spe- 

20 cific proliferative responses of LN cells to con- 
canavaline A (ConA) was the same in ail animals. 

These results show that, after inoculation in 
mice, expression of Nef and APH(3') in recom- 
binant BCG induces the specific proliferation of LN 

25 cells from immunized mice. 
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50 Claims 

1. An immunogenic strain of Actinomycetale, par- 
ticularly mycobacteria, transformed with the 
following, operably linked, chimaeric DNA se- 
55 quence, comprising an antigen-encoding gene 

that: a) is foreign to the Actinomycetale strain 
to be transformed; b) encodes a desired anti- 
gen, preferably an immunizing antigen; c) is 
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under the control of a promoter foreign to the 
Actinomycetale strain to be transformed, pref- 
erably a promoter from another strain of Ac- 
tinomycetale, especially a promoter from an- 
other species of Actinomycetale; and d) is 
preferably associated with a ribosome binding 
site foreign to the Actinomycetale strain to be 
transformed, particularly foreign to Ac- 
tinomycetale. 

2. The transformed strain of claim 1 wherein the 
promoter is a Streptomyces promoter, espe- 
cially a stress-responsive (e.g., heat-shock) 
promoter, particularly wherein the transformed 
strain is a mycobacteria strain. 

3. The transformed strain of claim 1 or 2 wherein 
the ribosome binding site is a synthetic ribo- 
some binding site, preferably having the se- 
quence: 

5 f ATCGATAACAGAGGAACAGATCT3\ 

4. The chimaeric DNA sequence of anyone of 
claims 1-3, especially wherein the antigen-en- 
coding gene codes for an HIV-1 protein, par- 
ticularly the Nef protein, or an antigenic frag- 
ment or an epitope thereof, quite particularly 
wherein the antigen-encoding gene is under 
the control of the S. albus groES/groEL1 pro- 
moter. 

5. A system, such as a plasmid, capable of trans- 
forming a strain of Actinomycetale, particularly 
a strain of mycobacteria, comprising the 
chimaeric DNA sequence of claim 4, particu- 
larly pWRIPl7. 

6. An immunogenic composition, particularly a 
vaccine, comprising the transformed strain of 
Actinomycetale, particularly mycobacteria, 
quite particularly BCG, of claim 1, and option- 
ally a suitable carrier. 

7. A method of treating, preferably immunizing, a 
mammalian host, particularly a human, com- 
prising the step of administering to the host 
the composition of claim 6. 

8. A process for producing a desired antigen, 
preferably an immunizing antigen, comprising 
the step of culturing the transformed strain of 
anyone of claims 1-3. 

9. A process for producing the transformed strain 
of anyone of claims 1-3 comprising the step of 
electroporating the Actinomycetale strain with 
the system of claim 5. 



10. A proces of diagnosing the presence of, or 
reacting with, an antibody in a sample, com- 
prising the step of contacting the transformed 
strain of anyone of claims 1-3 with the sample. 
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